Background
Although patients with HIV infection tend to have poor ICU outcomes, survival in the modern highly active cART era has markedly improved, with an estimate ICU survival rate of 60-75% [1] .
Pneumocystis jirovecii pneumonia (PJP) is a seriously overwhelming complication of HIV infection, with mortality rates as high as 43% when mechanical ventilation is required and, together with bacterial pneumonia, it is the most recurrent and challenging cause of ARDS in AIDS patients [1, 2] .
ARDS is a potentially reversible clinical syndrome with mortality rates as high as 30% to 40% [3] . It is clinically defined as respiratory failure within 1 week of a known insult or new/worsening respiratory symptoms, along with bilateral opacities on chest radiograph or ultrasound, not fully explained by effusion, collapse, or nodules [4] . Furthermore, respiratory failure has not been fully explained by cardiac function or volume overload [5] .
Management of ARDS is based around the diagnosis and treatment of infections, respiratory support (such as oxygen supplementation and positive pressure ventilation), cautious fluid governance, and general supportive measures such as nutritional supplementation [5] .
Despite optimized standard therapies, some patients experience further clinical deterioration. For these subjects, ECMO represents a rescue therapy providing time for lungs to recover from acute processes.
Extracorporeal membrane oxygenation (ECMO) is an adapted cardiopulmonary bypass circuit in which the blood is oxygenated by circulating outside of the body in a membrane oxygenator, for temporary life support for use in selected patients with potentially reversible respiratory and/or cardiac failure not responding to conventional medical management [3, [6] [7] [8] [9] [10] .
There are 2 main methods: VV-ECMO, which operates cannulating a central vein for subsequent oxygenation and CO2 elimination; and venoarterial ECMO (VA-ECMO), which involves a central artery cannulation and supplies hemodynamic and respiratory support [11] . The veno-venous modality has been recently assessed as supportive therapy in severe acute respiratory failure [12, 13] .
According to current guidelines [14] , extracorporeal life support (ECLS) should be considered for use with patients in hypoxic respiratory failure when the mortality risk is at least 50%, and it is indicated when the mortality risk is 80% or higher. Risks and benefits for each patient have to be considered individually [14] .
Relative contraindications linked to a poor result in patients with respiratory failure, despite ECLS, are: mechanical ventilation at high levels for 7 days or more, major pharmacologic immunosuppression, recent or expanding CNS hemorrhage, major CNS damage or terminal malignancy, and older age [3, 7, 14] .
Up until now, use of ECMO has been avoided in immunocompromised patients because it can further suppress the immune system, and no clinical indications for HIV-infected or AIDS patients have been established [15] . Moreover, although there are currently no absolute contraindications to using ECMO in these patients [16] , just a few cases of ARDS treated by VV-ECMO have been reported, with variable outcomes, and very few AIDS patients with respiratory failure during PJP are reported to survive after ECMO in developed countries [11, [17] [18] [19] [20] [21] [22] [23] .
Here, we report the successful VV-ECMO treatment of an AIDS patient with ARDS complicating a PJP. We hope that this report, together with the associated literature, will improve the knowledge and management of these conditions.
Case Report
A 43-year-old man was admitted at our hospital because of 7 days of high fever (T max 38.5°C). His recent medical history reported recurring cough not responding to empiric treatments, which deteriorated with dyspnea. He had an unremarkable clinical history. He had never undergone major surgery or medical invasive procedures. As he had no comorbidities, he did not take any drugs. His medical family history was also unremarkable.
At admission, the patient was febrile (peaking up 39°C), blood pressure was 95/40 mmHg, heart rate was 124 bpm, and oxygen saturation was 94% on room air. Blood testing showed leukopenia with lymphocytopenia, and a chest X-ray and highresolution thorax CT scan evidenced bilateral ground-glass opacities. AIDS was diagnosed. His CD4 cell count was 10 cell/µl and HIV-RNA was 469 654 copies/ml. Bronchoscopy was not performed; a sputum smear examination was negative for PJP, acid-fast bacilli (AFB) and other bacteria, but it was positive for Candida spp.
Empiric treatment was started with sulfamethoxazole/trimethoprim, caspofungin, azithromycin, rifampicin, and steroids, and antiretroviral treatment with tenofovir/emtricitabine and raltegravir.
On day 4 in the ICU, after conventional treatment with optimal mechanical ventilation, a worsened chest X-ray result ( Figure 1A ), hypoxia (paO2 68 with 100% FiO2), and hypercapnia (paCO2 68) were sufficiently severe to require urgent VV-ECMO placement before transferring him to the regional ECMO referral Center.
The patient was started on VV-ECMO support (miniaturized tip-tip-tip heparin-coated circuit; Cardiohelp System; Maquet, Rastatt, Germany). Vessel cannulation [18 Fr return (jugular) and 24 Fr drainage (femoral)] was performed after the administration of a heparin bolus. Blood flow was kept at 4 L/min (about 65-70% of cardiac output) and sweep gas at 4-5 L/min with 100% FiO2. Anticoagulant therapy with unfractionated heparin was also administered. The RESPSCORE was 2.
A second bronchoscopy was performed and PJP was identified, whereas molecular biology (BIOFIRE ® FILMARRAY ® RP Panel) excluded other pathogens. Comprehensive screening ruled out other opportunistic infections, whereas PCR on blood showed positive Cytomegalovirus (CMV) DNA (1000 copies/mL) and a fundus examination revealed CMV retinitis.
Therapy was de-escalated, relying on sulfamethoxazole/trimethoprim, steroids, and caspofungin combination, while cART was confirmed; anti-CMV therapy started with Ganciclovir. After 3 days, his temperature decreased until defervescence, and the hemodynamic picture improved enough to allow noradrenaline weaning.
One week later, radiologic findings ( Figure 1B) and respiratory function improved and the patient was started on a weaning trial from ECMO, and was removed on day 16 of ICU stay.
On day 18 of ICU stay, the second day after ECMO removal, the patient, still sedated and checked for complications as per protocol, presented abrupt anisocoria. A brain CT scan revealed a hemorrhage involving temporo-parietal-occipital parenchyma with mass effect ( Figure 1C ). Neurosurgical evacuation was promptly performed, without complications.
On day 34 of ICU stay, the team proceeded with extubation. The patient maintained good respiratory patterns with a mist mask, and no motor or sensory deficits remained. He was switched to secondary prophylaxis with oral sulfamethoxazole/trimethoprim and valganciclovir. On day 37 of ICU stay, he was transferred to the general ward and then admitted to a rehabilitation program. Finally, he was admitted to the HIV outpatient unit when his CD4 cell count was 469 lymphocyte/µl and HIV-RNA 508 copies/ml. At 8 months after the onset of PJP, when his CD4 cell count was 519 cell/µl and HIV-RNA was 103 copies/ml, oral valganciclovir was stopped. The patient was able to resume working and he had a complete recovery.
Discussion
We successfully used ECMO in an AIDS patient with ARDS secondary to PJP associated with an undiagnosed HIV infection. Our patient presented with an extremely high HIV viral load and a very low CD4 count, likely correlating with the extended period of untreated infection, and making him a "late presenter". In addition, the diagnosis of PJP defined him as an AIDS patient.
While some authors contraindicated ECMO treatment in patients with AIDS [13] , other authors reported a non-inferior mortality compared to the general population in patients with wellcontrolled HIV infection and a satisfactory immune status [24] .
An increasing number of AIDS patients with respiratory failure due to PJP pneumonia are reported to be treated with ECMO therapy [17, 18, 20, 21, 25, 26] and, as with the case described here, most reported cases of PJP treated with ECMO were managed using the VV modality, only 1 receiving with VA-ECMO (Table 1) . Moreover, regardless of CD4+ cell count and HIV-RNA load, the majority of patients survived after ECMO treatment, as did the case reported here.
In addition, although our patient was older than the others listed in Table 1 , he had no comorbidities and he was promptly started on ECMO treatment. These facts, along with the appropriate treatment of PJP and HIV infection, led to the successful result.
Thus, as in other reports, our case suggests that ECMO is an option to consider and is a practical rescue modality for the treatment of AIDS patients with ARDS due to PJP, if promptly initiated during their hypoxemic respiratory failure and associated with appropriate support therapies.
In this scenario, it is also crucial to rule out other respiratory infections, whether opportunistic or not, such as tuberculosis, non-tubercular mycobacterial infections, Legionellosis, Mycoplasma pneumonia, and viral pneumonia. After the PJP diagnosis, we were able to exclude other pathogens using molecular biology in bronchoscopy samples.
Finally, because of our patient's very low CD4+ cell count (10 cell/µl) and the development of PJ pneumonia, we could not exclude that an immune reconstitution inflammatory syndrome (IRIS) played a role to the ARDS presentation, along with CMV retinitis, although this is only a clinical speculation.
Conclusions
Our findings confirm that ECMO support may be justified in immunocompromised patients with PJP-associated ARDS with a high risk of dying from respiratory failure. This is one of the few case reports of AIDS patients surviving after decannulation from ECMO and successfully discharged from the hospital. It should be useful to speculate on the baseline characteristics of patients to identify predictive criteria of positive outcome. Moreover, this case report is unique not only for the discussion of clinical management, but also because the patient was managed in 5 different clinical units, achieving prompt management of his clinical situation. 
